Abstract. An active micro-vibration isolation control system with linear motor actuators has been proposed and studied. The system is supported by the air springs and symmetrically placed linear motor actuators. A mathematical model of the micro-vibration isolation platform is established, and the optimal control algorithm is designed for isolating vibration system. Simulation and experiment is carried out to verify the effectiveness of active micro-vibration control system. The results demonstrate that the proposed micro-vibration control system has good isolation performance and the linear motor can be used as the active actuator.
Introduction
The linear motor can produce linear motion directly without intermediate conversion mechanism, which can simplify the structure, reduce the motion inertia and improve dynamic performance and positioning accuracy greatly. And the fast response and high sensitivity make it wide application in precision motion control. On the other hand, with the rapid development of micro fabrication technology and precision measurement technology, micro vibration control technology has become a very important research subject. Although the traditional air spring passive vibration isolation device can make the natural frequency of the system low, but in some field the passive vibration isolation technology is difficult to effectively to isolate the low-frequency vibration.
In order to make full use of the advantages of air spring and linear motor, this paper establishes a precision vibration isolation platform of 6 degrees of freedom with the combination of passive vibration isolation and active vibration isolation technology. In this system, air springs are used as passive vibration isolation components, 8 linear motors are used as the active components, and the performance of the system is simulated and tested by using the optimal control algorithm. The results of simulation and experiment show that the active vibration control system has good vibration isolation effect both on the low and high frequency disturbance.
Active Micro-Vibration Platform

Basic Structure of the System
The diagram of the active vibration isolation system is shown in figure 1 . Active vibration control platform uses air springs as passive vibration isolation components, with the linear motor as the active touch element. By detecting the ground acceleration sensor, platform acceleration sensor, displacement sensor, the controller system with the optimal control algorithm can input a control signal to linear motor and linear motor produce a control force to isolate the vibration from the ground interference and platform interference. The closed-loop active vibration control system not only has the characteristics of the air spring, but also has the characteristics of fast response, high sensitivity of the linear motor. 
Equation of the Isolation System
In the active vibration control system shown in figure 1 , if the vibration platform is assumed as a rigid body, the system can be described as 6 degrees freedom system with the following 6 variables:
and rotational angular displacement
Assuming that the air springs has the same the performance, the equation of motion of the table is as follows.
is the mass matrix (6 × 6);
C is the damping matrix (6 × 6);
K is the stiffness matrix(6 × 6);
x is the displacement at the gravitational center of the table (6 × 1); According of the coordinate transformation, equation (1) can be expressed as the following. 
Design of Control System
It is known that the micro vibration platform is mainly affected by the two kinds of interference.
One is a class of basic interference, including the basis of the vibration displacement and vibration velocity; the other is the direct interference of micro manufacturing equipment. These disturbances are random disturbances, and the corresponding performance indexes are naturally random variables, so the optimal control of micro vibration of micro manufacturing platform is taken as the performance index.
where, 0 Q , Q , R are the weighted symmetric matrix. According to the separation theorem, the stochastic optimal control law is as the follow.
(4) First, the feedback gain matrix is obtained by the deterministic optimal control problem. 
where K is the estimated gain matrix. (8) will be fit to the following Raccati algebraic equation.
(9) After obtaining the state estimation and optimal control feedback gain matrix, the feedback control loop can be made by filtering estimation and serial optimal control, and the optimal control law can be achieved.
Simulation and Experiment
Simulation
The natural frequency of X, Y, Z direction of the micro-vibration isolating system in the passive state is designed as 3.0Hz, 3.0Hz and 4.5Hz respectively. And using the above control law, the optimal control force can be got by the Matlab, Control Toolbox and Robust Control Toolbox. Figures 2-4 show the transmission function of X,Y,Z direction in which the solid line is the simulation result of active state and the dot lines the simulation result of passive state. It clearly shows the active state has better isolation performance than passive one. Figure 5 shows the experimental block diagram of the active vibration control system. Here the ground acceleration sensor, platform acceleration sensor and displacement sensor will detect the state of the platform. These signals will transfer to the controller by the measurement system. The controller will output a control signal to linear motor by the optimal control algorithm and linear motor produce a control force to isolate the vibration from the ground interference and platform interference. Figure 6 shows experimental diagram. With the experimental device showed in figure 6, the acceleration on the platform and ground in the active state and passive state can be obtained. Figures 7-9 show the X, Y, Z direction acceleration on the platform and ground in the active and passive state. The experimental results show that the ground vibration signal can be effectively isolated with the active isolation system. The ground acceleration in the X and Y direction can be reduced about 20dB, and the ground acceleration in the Z direction can be reduced about 30dB. The experimental results also indicate that the active isolation system can not only isolate the high frequency vibration, it can also isolate the low frequency vibration. 
Experiment
Conclusion
A comprehensive vibration isolation system combined the air spring passive vibration isolation and the active vibration isolation technology with linear actuator is proposed and used in a precision isolation platform. The simulation and experimental show the active isolation system can effectively isolate the ground disturbance in wide frequency range.
